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EDITOR'S PREFACE, 



The growing opinion in favor of increased attention to tlie 
study of Natural Science, as a branch of liberal education, on 
account of its disciplinary value, as well as the pfactical character 
of the knowleiilge acquiretl, led to a modification of the curriculum 
of study I'eqnired for the degree of Bachelor of Arts in this in- 
stitution, in so far as to allow of the election of more extensive 
and practical study of Natural Science in lieu of the Latin and 
Greek of the Junior and Senior years. The expectation is not in 
this way to turn out Bachelors of Arts as chemists, etc., but 
simply to make this branch of a liberal education as thorough as 
the times seem to demand, and to afford a foundation, if desired, 
for subsequent scientific pursuits. 

In adapting a course of chemical analysis to this purpose the 
accompanying tables seemed peculiarly suited. Whilst compact, 
they are sufficiently explicit, and the summary view of tlie gene- 
ral course of qualitative analysis, and of theclassiflcation of eom- 
ponnds according to the properties relied upon for their detection, 
affords a thread, as it were, around which cliemical facts may 
crystallize as they accumulate. 

For details of properties, etc., in addition to instruction in the 
laboratory, the student is constantly referred to some one of the 
manuals of analytical chemistry placed in the laboratory for this 
purpose. 

Whilst these tables seem thus well adapted to a course of college 
studies, their general popularity, as well as scientific character, is 
indicated by their extensive adoption in the German universities, 
and their indorsement by many of the most eminent chemists in 
this conntry, and their introduction, in part at least, into many 
laboratory handbooks. 

This second Araericaa edition, prepared from the ninth German 
editiou, contains, besides the marks of careful revision, two new 
tables by the author embodying Euiisen's valuable flame reactions, 
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and whilst iiotbiiig in the original hsia been omitted or cliangGcl, 
new matter has been freely atfcled by the editor, generally placed 
in [ ]. Thus other methods for the separation of the alkaline 
earths are given, and an additional table (XIV), which may re- 
l)la«e parts of Tables VI and VIII with the advantage of greater 
simplicity and directness. The note in regard to the detection 
of titanic acid is inserted on account of its frequent occurrence 
in iron ores. The chapter on the "Course of Analysis," from 
the original, is added with the hope that it may relieve any incon- 
venience in directing the use of the tables. 

In adopting a new nomenclatnre for a book of this character, 
compactness, completeness, and general intelligibility have been 
mainly considered. 

Acknowledgment is made to many practical instructors for 
suggestions, especially to Professor F. A. Genth, of the Univer- 
sity of Pennsylvania. 

CHARLES F. HIMER. 

DioiaKaoN Coileqe, Ciivlisle, Pa., IS74. 
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CONTESTS. 



Coiii'se of Qualitative Cliemioal Analysis, page 7. 

Table I. PteUmmary aainiiiuijon, — BeliHYior of inorganic siibslancea 

nt a high temperature, nnd with reducing agents. 

Table II. pTdimmaiT/ Examination • — Flame reactions with llie gns-larap. 

Table III. PreUminii-ff Exammiilton.— Flume reactions, (Incrustations). 

Table IV. Preliiamarff Ezuminatioa. — Behavior of melallio oxides with 
pliosphorus estit uud bomx. 

Table V. Fl-itxing. — Conversion of insoluble compoaiids into soluble. 

Table VI. Bttectian of Metallic Oxides.—Synoftie atatement of thelv be- 
havior with ohlorhjdiio acid, sulphydrio aeid, amnionic sul- 
phide, ammonia, and ammonic carbonate. 

Table VII, Detection of Metallic ftci'rfcs.— Treatmetit of the precipitate ob- 
tniued by sulphjitrio acid. 

Table VIII. Detection of Metallic Omrfes.— Treatment of the precipitate ob- 
tained by amcioiiic sulphide. 

Table IK. .ind X. Deteetion of Metallic Oi:ides.—lX. Treiitmeiit of the 
precipitate obtained by ammonio carbonate, (carbonates of the 
alkaline earths). X. Treatment of the liquid nhich is not pre- 



cipitated by sulphydrio acid, a 
carbonate, (magnesia and the alkalies). 
Deteetion of Acids or Malogms. — Behavior 
.Tilt acids, upon heating theif salts nith c 



tiphide, ■ 



Table XII. Detm 



nofA 



r of the a 



Table XITI. 



of t 






with ferric chloride, argentic nitrate, and indigo Bolution, 
[Table XIV. Detection of Metallic Oxides.— Se^ionH method for the treatn 
of the filtrate from.lhe precipitate bj BjS, loreplacs portion 
Tablea VI and VIII ] C. F. H. 
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BUNSEN'S FLAME REACTIONS, A Method of Analysis 

IN WHICH THE GaS-LAMP IS SUBSTITUTED TOB THE BLOWPIPE, 

WITH A FULL LIST OP SPECIAL REACTIONS. Translated by 
Prof. 0. p. HiMBS, Ph.D . 75ct9. 
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COURSE OY QUALITATIVE CHEMICAl ANALYSIS. 



1. Preliminary Examination and Solution of Solids.* — In the 
qualitative examinatioH of a solid, its general nature must firat of 
all be ascertained. This is accomplished by an examination in 
the dry way, whicli always necessarily precedes the qualitative 
analysis proper, in the wet way, and which includes with the care- 
ful observation of its physical characteristics (form, color, lustre, 
hardness, specific gravity, etc.) that of its deportment at high 
temperatures, either alOJie, with access of air, in the flame, or iu 
the presence of other compounds, which may effect its deeompo- 
sitiou or solution. The preliminary examination is conducted 
according to Tables I to IV, and serves not only to determine 
the general eliemicEil nature of the body, and the quality of the 
metals and metallic oxides, but may also indicate the quality of 
some metalloids. Table XI serves exclusively for the prelimi- 
nary examination for acids, and especially for volatile acids, or 
such as afford volatile products of decomposition with concentrated 
sulphuric acid. 

"No elucidation of tlieae tabular statements is necessary for 
their application, as they explain themselves, and continued 
practical employment of tliem will impart the necessary degree of 
certainty to conclusions obtained by them. After the determina- 
tion of the class of compounds, to which the substance under 
examination belongs, by the preliminary examination in the dry 
way, the conversion of it into tlie liquid form, alone suitable for 
analysis in the humid way, must be considered. Iu many cases 
this operation must be preceded by the preparation of the sub- 
stance, by giving it the form best adapted to solution. If its 
nature permits, it must be finely pulverized, and sometimes also 
elutriated. Tliis is especially indispensable with minerals, espe- 
cially with silicates, as well as with all other compounds that are 
difficultly soluble, insoluble, ov decomposable with difficulty. 
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8 C0DG8E OF QUALITATIVE CHEMICAL ANALYSIS. 

It must tben first be ascertained whether the suhstranee is wholly 
or partially soluble, or totally insoluble in water. If partially 
soluble tbe filtrate from the undissolved portion will leave a 
clearly perceptible residue, wlieu evaporated on clean platinum 
foil or in a capsule, whilst if totally insoluble no sucli residue 
will be left. The reaction of the aqueous solution, whether it be 
neutral, acid, or alkaline, must also be determined by test-paper. 
If t!ie substance dissolves only partially in water, the constituents 
of the dissolved and undissolved portions must be ascertatued 
separately. If it is insoluble in water the effect of dilute and 
concentrated chlorhydric acid must be tried whilst note is taken 
of any evolution of gas in the operation ; carbonates develop 
CO5 with effervescence; superoxides or chromaies, chlorhin gas ; 
cyanides, pvussic acid ; many ^sulphides HjS ; sulphites and bypo- 
eulphites SO.^, the latter with the separation of sulphur; some 
reguline metals (Zn, Pe, Sn, etc.) develop hydrogen gas with HCl, 
or in presence of arsenic, arsenetted hydrogen ; in presence of 
antimony, antimonetted hydrogen. If solution in HOI is only 
partial, as a rule a separation of one or more constituents is 
effected by it, and the insoluble residue must be separated from 
the liquid, and dissolved by further treatment (Table V). A sub- 
stance (or the residue) insoluble in HCI, must be treated with 
nitric acid or M.qua regia. Many sulphides, with jiitric acid, yield 
sulphur, which by sufficiently prolonged action collects as yellow 
globules, or disappears entirely, when newly formed sulphuric 
acid is always detected, unless the metallic oxide produced forms 
a compound with it insoluble in tbe acid. Thus plumbic sulphide 
(galena) affords pUimbic sulphate with nitric acid; sulphides 0/ 
tin and antimony arn converted into white oxides ; whilst mercuric 
sulphide Is entirely unaffected by nitric acid, but dissolves very 
readily in aqua regia. 

The reguline metals are almost all soluble in nitric acid, and 
such a metal unaffected by HNO3 must contain Au, Pt, Ir, or the 
rarer metals in platinum oi'os. Gold and platinum are soluble in 
aqua regia; palladium also in HNOj; tin and antimony are 
converted by HNO, into white oxides (insoluble in excess of the 
acid), and are readily dissolved in aqua regia, (or in HCl with 
£010,), if excess of HNO, ia avoided. 

A. substance insoluble in and undecompoaable by any of the 
acids mentioned, even by prolonged digestion at a moderate tem- 
perature, will be found in Table Y, and must be rendered soluble 
(by flusiug), according to that table, after its general chemical 
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COUaSE OS' QOALITATIVE 

nature has been ascertained by a preliminary examination in tlie 
dry way (according to Tables I to IV). 

II. Qualitative Examinalwn of the Substances in Solution. — 
In a qualitative examination of a liquid (not a solution prepared 
by the investigator), it is necessary first to ascertain — 

1. Whether volatile or non-volatile ingredients are present, by 
evaporating a portion of the liqnid on platinum foil, or in a cap- 
sule. If a fixed residunm remain it must be subjected to the pro- 
cesses for the preliminary examination of solids, except of course 
such as relate only to solution. 

3, Whetlier its reaction with test-paper is neutral, acid, or 
alkaline. 

These tests should never be omitted, siuce, with care, the pre- 
sence or absence of whole groups of substances can be inferred 
ftom the results. Thus it is plain that no fixed substance need 
be sought for in a solution which leaves no residuum upon care- 
ful evaporation, (that is, not produced by violent ebullition). A 
neutral liquid as a rule can only contain salts of the alkalies or 
allcaline earths, since the salts of nearly all other metallic oxides 
have an acid reaction. Tbe presence of free alkali, (especially in 
the absence of aon-volatile organic componnds), excludes all 
oxides insoluble in alkaline liquids, and if the alkaline reaction is 
due to an alkaline carbonate no alkaline earth can be present. 
(Among tlie exceptions to this rule are Fe,Oj, CuO, etc., in pre- 
sence of non-volatile organic matter, as well as oxides, cyanides, 
sulphictes, etc., soluble in potassic cyanide and alkaline sulphides.) 
The presence of certain metals also indicates the absence- of cer- 
tain acids, and vice versa; thus Ag need not be sought for in a 
reguline metal completely soluble in HOI, nor Au, Sn, or Sb, etc., 
in one soluble in HNO,. 

A portion of the solution of a solid, produced in any way, is 
employed for the detection of tlie metalu, and anotlier portion for 
the detection of the acid. 

A, Detection of the Metals. 

Table VI sets forth in a compact form the reactions of the 
metals with general reagents, and therefore serves as the chief 
guide to their detection. Whilst the course prescribed by it is 
easily understood with a little reflection, it is, however, absolutely 
necessary that the following rules be kept in view in the qualita- 
tive examination of complex compounds, 

1. J7ie Precipitation bi/ each of the General Reagents employed 
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JO COUKSE OF QUALITATIVE CHEMICAL AXALYSI3. 

Tnusi he complete. The precipitant is tberefore added gradually 
as long as a precipitate is produced by it, or witli H,S, until the 
liquid smells strongly of it even after shahing. The separation 
of the insoluble compound formed is promoted, in almost all 
cases, by gently warm in g the liquid. Some metallic oxides 
(AbjOj, MoOj, oxides of Pt, Ir, and Rh) are but slowly precipi- 
tated by H,S, often only after warming tbe liquid, supersaturated 
with it, from twelve to twenty-foar hours, {As^Oj much more 
rapidly iiowever if heated to 60°-10° C.) 

2. The precipiiales which characterize the eeoeral groups mvsl 
be completely freed from the members of the remaining groups, 
still in solution, by washing with water. This is accomplished, 
according to circumstances, either upon a filter, or also in a test- 
tube by allowing the precipitate to subside and pouring off the 
cieai' liquid, and repeating the operation a number of times with 
fresh water. By carefully evaporating on iJatiunm foil a portioa 
of the filtrate from the precipitate of any group, not too small, the 
presence of members of the remaining groups may at once be 
ascertained. When easily oxidizable sulphides insoluble in dilute 
acids are present, some H^S solution is added to the wash water, 
or in case of ferric and manganic sulphides a few drops of am- 
monic sulphide, to prevent oxidation when the washing is pro- 
longed. 

By inattention to the two preceding conditions (complete pre- 
cipitation and thorough washing), it is evident the members of 
the various groups may remain partially mixed with each other, 
and reactions may be obtained in the subsequent analytical opera- 
tions which are not noticed in these tables, and which are in- 
explicable to the inexperienced. 

3. The mineral acid employed for acidulation of the liquid (if 
it is not already sufficiently acid) is either MGl, or JffNO,, either 
dilute or concentrated, but not in such a quantity as to prevent 
the formation of insoluble sulphides. The first is usually pre- 
ferred, when the possible precipitation of AgCl, HgCl, PbClj, etc., 
as indicated in Table VI, must be considered. 

4. If, in following the systematic course of qualitative analysis, 
the pi-esence of one or more members of the diifereut groups is 
recognized and proved by the reagents suggested in the tables, 
the analyst (especially the beginner) must make a series of con- 
firmatory experiments With the original substance, or its separate 
constituents, which may control the results already obtained. 
Such experiments should never be omitted by the beginner, since 
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it 19 the piiiicipal aim of analytical exercises not only to become 
acquiinted with the simple courea of analysis, bnt to become 
familial with the deportment of a body in all its relations. Only 
by foUowiug this important rule will the less expenenced be pro- 
tected fiom errors and deceptions. Tor tliese continually arise 
fiom ignoianceof the deportment of botlies, or the non-observance 
of the conditions upon which the result of an experiment — the 
appearance of the phenomenon which we regard aa the proof of 
the presence of a substance — rests.* 

The metals are fnrtiier distinguished and separated according 
to Tables VII to X. [Or the conrse may be much simplified 
without sacrifice of accuracy, by proceeding according to Talile 
XIT with the filtrate from the H^S precipitate of Table VJ, in- 
stead of treating it according to the method of that table.] C. P.H. 

B. Detection of Aolds or Hepreeentatlves of them, 
The qualitative analysis of acids is quite as simple as that of 
metals. In almost all cases the preliminary examination accoi-d- 
ing to Tables I and XI, in connection with the quality of the 
metals previously detected, indicates in what class of acids, 
specially, tests are to be made. The knowledge of the deportment 
of a salt toward solvents, and the reaction of its aqueous solution 
with test-paper are especially important for ^this inference. By 
igniting the substance alone, as well as by heating it with con- 
centrated sulphuric acid (according to Table XI), the presence 
of organic as well as volatile inorganic acids is ascertained. If 
there is reason to suspect the presence of several acids, or their 
salts, the circumstances must be considered, in the preliminary 
testing, which may possibly occasion deception, since changes 
may occur, or phenomena pi^esent tiiemselves upon ignition or 
treatment with sulphuric acid different from those afforded by the 
several acids alone. Thus salts of organic acids, when mixed with 
nitrates or chlorates, decompose upon ignition without blackening, 
but generally with deflagration, and if sufficient organic matter 
is present no nitrate can then be detected after ignition, but only 
a carbonate, if the base is an alkali or alkaline earth. A mixture 

* [The tranBlation of the ohaplevB of Prof Wilts' Oatliiief , which tteat of the 
general deportment of bodies, bas not been thought neceeaor;, since the nauiber 
of teit-books, mors or lees oomplete, of tbot deaoriptlon with which these tables 
lun; be used, is perbapa GofGcieDt, nnd it \s also advisable for some reasons to 
refer the student to several of these, always kept aeoessible in the laboratory, 
rather than to confine his attentioc to one.] C. F. H. 
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of a nitrate with a chloride develops, on treatment with coucen- 
trated sulphuric acid, neither pure clilorhjdric nor nitric aeid, 
but chlorine and red nitrous vapors ; in a mixture of a sulphite 
with a nitrate (chromate, chlorate, etc.) the sulphurous is con- 
verted into sulphuric acid ; and sulphur is separatee! from most 
sulphides. 

That tlie presence of volatile organic acids in an nncorabincd 
condition may uot be overlooked, the acid solntioo is neutralized 
with sodic carbonate, evaporated and ignited, when organic acids 
will decompose with blackening, whilst they might otherwise be 
volatilized un decomposed. 

For the detection of the more important acids in the wet way, 
in substances in solution, the coarse in Tables XII and Xlll is 
followed. The use of general reagents for acids in most cases is 
only intended to determine the presence or absence of the mem- 
bers of a whole group of acids. The examination for the separate 
acids of these groups requires in addition the employment of the 
special tests of the tables. 

If the examination for acids mast take place in neiitra! liquids, 
acid solutions are neutralized with ammonia, alkaline ones with 
HNOj, or also with HCl if AgNOj is not to be used as a precipi- 
tant. If the compound was not originally soluble in water, but 
was soluble in acids without visible decomposition, and the base 
is an alkaline earth or an earth, then tUe acid solution (as in case 
of phosphates- or oxalates of the alkaline earths) cannot be tested 
in a neutral condition by CaClj, since, on neutralization with am- 
monia, tlie whole salt would be precipitated. In such cases (to 
which besides attention is directed in the precipitate of metallic 
■oxides by H,(NHJS), the test for the a<!irts is made in acetic acid 
■solutions, (with CaCl^ for oxalic acid, and Fe^Cl, for phosphoric 
acid), or the base is first removed in the proper way, (alkaline 
■earths by H,SO„ heavy metals by H,S or H,(NH^)S). Prom the 
salts of organic acids, insoluble in water, the acids are removed 
by boiling with sodic carbonate, and the neutralized filtrate is 
tested with HCl. If a liquid, which contains H^S, or a soluble 
sulphide, is to be tested I'or such acids as are precipitated from 
acid solutions by AgNO, but not by ferric salts (H01,HBr,HI), the 
sulphur is removed by addition of ferric sulphate, and the filtrate 
acidified with HNO, is tested for these acids. Compounds in- 
soluble in water and acids are decomposed according to Tables T 
and XII to be tested for acids. 
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I. Behavior of Inorganic Suttstances and their Compounds in the Preliminary Experiments. 



1. Slasily volatilized when heated 
upon charcoal, {or wpan platinum 
foil, or in a dry test-tube) : — 



2. Fusible without volatilizing, 
and without changing color : — 



poundH of 

; all organic 



ind mercury, and several of arsenic, [and thallium], sulphur and its acids, Tvater, et 
pounds are deoomposeil when heated, most of thom with the separation of carbon (blackening). 



Carbon btiras bj ignition i 



Most of the salts of the alkalies and some of the alkaline eartha. After intense ignition in the reilucing flame, they color turmeric paper bvown. 
Some silicates, as Zeolites. Borates and alum swell up. Common salt and other salts, also maay minerals, deorepitate. Of the reguUne metala, antiiiony, 
' ... - '-ly before the blowpipe; sUoer, copper, and gold vith more difficulty; the former 



3. D^agrate when heated upon 
diarcoal :— 



Nitrates, chlorates, perchlorates, iodates, bromates, etc. 



4. Tn/iisible, or d'^yitly fusible, 
without changing color : — 



The earths nnd their salts; the albaliue earths and their salts When heated they glow with white light. After ignition the earths show no nlkalini 
■eaotiou. Silica, and many of its compounds. Of the reguline metals, iron, nickel, cobalt, molybdenum, tungsten, platinum, iridium, palladium, ant 
hodiura lire infusible before (he blowpipe. 



a darker color whe^i 



YELLOWIaK-G■EBE^ 



6. Color the flame of a Bunsen 
gas-lamp, or the point of the blue 
flaitte of the blowpipe (upon plati- 
num wire, or in case of metallic 
compounds upon charcoal) : — 



Oomponuds of Tiiallinm, 



Araenio, 
Astiiaouy, 

Sriemum, 
Oupiii- OMoride,* 



lodinii 



1. Give, when moistened with a 
solution of cobalt, and strongly 
heated v/pon charcoal .--^ 



BiuB Infusible IUass. 

Alumina, and many of Lla compound 
■ Phosphatea of 'lie Earths, 

Silicic Acid and soma gillci-tea ot tl 

Bfirtha, 



BkOWN or BHI(!K-a 



Gllncina, 
Stroutia. 



8. Give,when ignited with sodic 
carbonate, {orsodic carbonate and 
potassie cyanide), in the reducing 
flame, upon charcoal : — 



n iNCnUSTATION. If 



Odorous Gases. 



Dbopr oe Water. 



9. Give, to/wji heated in a glass 
(M&e open at both ends, and held 
obliquely : — 



Metallic Sulphides,— of Imrainj 
" SelBnideB,-of dccayin, 
" Arsenides,— of gaidlc. 
Soma ammoniaoal oomprranfls,— 
Uetallia flnoridee (upon BddKi 
phorne Blil). 



10. In contact with einc and 
chlorhydric (or sulphuric) acid 
color the fluid:— 



VtOLBT OR LltAO. 



IimgatlG ^d VanSidlc Acida. 
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Flame Reactions* with tlie Bunsen Gas-lamp. 




Moat of Ihe testa deBcribed 
id Table I can be made more 
easily than with the blowpipe, 

fiame of a Bunsen gas-lamp, pro- 
vided with a movable collar (by 
turning which the access of nir 
may be regulated), and a coni- 
cal chimney d, d, d, d. The 
flame sbonld haro the form of 
the annexed figure, 1'h.e por- 
tions which Borve for oonduot- 
ing the different reaotiona are 
distinguished aa foltows: 1. 
Basf of theflame, A, hayingthe 
lowest temperatnre; 2. Zone 
qf/uaion, B, haTing the highest 
temperature ; 3. Lovrcr oxidiz- 
ingfiame, G; 4. Upper oxidising 
fiame, B, the highest point of 
the non-luminoua flame, (serves 
for cases of roasting and osida- 
tion that do not reqaire exees- 
Eively high temperature). 5. 
LoiDBT reducing Jlame, J), less 



energetic than the following, and serving for roductioo on 
charcoal, or in heads of fused Baits; 6. Upper reducing Jlame, 
0, the luminous point formed on diminishing the supply of air, 
by partially closing the draught holes by turning the collar 
The test specimen is sapporteJ m the flame in a platinum 
wire, no thicker than a horse hair, or ou a small fibre of as 
bestos, fastened in a small glass tube, and held by a suitable 
holder. The substances are tested, with very small specimens, 
in regard to: — 

1. Miis^on. of UgU, by holdiog m the hotteat part of the 
zone of fusion. The emissive power la estimated as low, 
medium, or high, acoording aa the Inminosity of the BpooiraeD 
falls below, equals, or esceeds that ef the platmom wire in- 
troduced at the same time 

2. FusibaUy, which ia expressed on a scale of temperature 
witt the following six grades, distinguishable by the appear- 
ance of a thin platinum wire in different portions of the liame, 
as below red heat, indpieni red heat, red heat, inc^ent white heat, 
white heat, intense mhile heat. 

a. Yolatiiiiy, by determining the tjtoe required to volatilize 
a weighed bead {0.01 grm.) in the zona of fusion, and com- 
paring it with the time required to volatiliie an equal weight 
of Bodic chloride, the volatility of which is taken as unity. 

4. Fiame coloration, by placing the test specimen in the 
upper reducing flame. The coloration appears in the upper 



are first tested in 
I mantle (for an in- 
e volatile, unmixed 



osidl^ing flame. Mixtures of substanc 
the base of the flame to obtain in the Hat 
stant), the coloration produced by the mi 
with that of the less volatile 

5 Reduction and oxtdati n in beads of fused salts. See 
Table IV 

6 R'ivcliM hy charcoal or a metal This ia BCeomplished, 
in the detection of merLury, arsenic, phosphorus, sulphur, selc' 
mum, and tiUunum, by heating the thoroughly dried test- 
specimen in a, thin glass tnbef i cm long 2 to 8 mm, wide, 
to the point of fusion of the glass, with a mixture of sodio 
carbonate and carbon (soot from turpentine), oi with a piece 
of magliesium wire or of sodium Redaction of other metallic 
compounds is effected, by fiist preparing a ^mall charcoal rod, 
by coating a splinter (as an ordinary match) three-quarters its 
length with fused erystalliied sodic carbonate, and charring it 
carefully in tho flame, then placing the teat-apecimen, about 
the size of a mustard seed, mixed with a drop of fused sodic 
carbonate, upon the point of it, heating it to fusion in the 
lower oxidizing flame, and then passing it into the hotter por- 
tion of the lower reducing flame opposite. The products of 
reduction may then be further examined. 
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III. Flame Rcactioiis. (Incrustations.) 



The inoruetations, if collected on porcelain or glass, aiTord wilh further tests decidedly characteristic reactions. 1. metallic incrastations, obtnineii by heating a very e 
of the Bubstarioe on an Jisbestoa fibre in the npper reducipg flame (not too large, and perfectly free from emote), and at the same time holding a glazed poEoelain cnpsnle, 0,1 metre 
fllled with water, immediatelj above it, on which any volatile metals present will be depoMted, as a dark Incrustation, eurrounded by a thinner coaMng [often of a different tint], 
these with a drop of dilate nitric aoicl (containing 20 per cent, anhydride), on o glaes rod, they are. 

laelantlj diaeolTsa, Slowly and wllli aifHcully allaoied, Or unaffecled, 



Teliuriunt, seUnium, anenic, o 
;e from the test-Bpecimeii, in the upper o. 



Lead, cadmium, zine, indium. Bismuth, mercury, thallium. 

2. Oxide incrustation, formed by holding the porcelain capsule, in the preceding eiperiment, at some distance from the test-specimen, in the upper osidizing flame.* It is tested ; (a) by 
touching it wilh drops of stannous chloride, and then with caustic soda; (J) by touching wilh drops of argeolio nitrate solution, and blowing ammonia upon It.f 3. Iodide incrustation, 
foi-med by placing the oxide incrustation on the capsule [when cold], over a wide-moulhed vessel containing fuming HI (deliquesced phosphoric tiiiodide), and afterward gently wanning it. It ia 
tested by the moist breatti (solubility), and by ammonia blown upon it.f 4, Sulphide iud'uslation, obtained from the last by blowing amraonic sulphide upon it,t and then gently 
warming the capsule ; ehuracterlzed by its insolubility in water,| color, and deportment with ammonic solphide (blown or dropped on it). 

Yolatile Elements Separable by Eednction as Incrustations. 



Black to blackish. 



Lemon-yellow oi 
brownish -red ; 
soluble in NH„, 



Yellowish- white. 



Bluish blown; wjthlight red 
coating , breath od up. 
disappears transitorily. 



Aurora-red to egg- 
ow ; chestnut 
wnwhen dry. 



lilack; with brown 



Egg-yellow to lem 
breathed upon 
disappear. 



Bronniah-blnck : 



Yellowish -white. 



Y* "With Ramall qnantity of the anbstsnca the lamp ahoiild be suitably turned down ho that tha coating may not be spraiid ever loo mnoW Barfaoa. ~\ 

1 I ^r "'"Wing through Hminonift water in a amallWHsli bottle, with axil Inbo j net below the cork. It may bIso Tie treated wilh drops of anitaonla. I 
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TABLE IV. 

lY. Behavior of Metallic Oxides before the Blowpipe with Sodic ammonic liydric Phosphate (Phosphorus Salt), 

and Borax. 

The bead (formed on a luop of platinum wire, or, in esperimeota wia tlie reducing flame, also upon charcoal) is gradually saturated with the fiuelj-pondered substance. In using the non- 
luminous gas-flame, the bead fused on a platinum wire as thick as a horse-hair, is ictroduced by means of a holder into the lower reducing, or into the lower oxidmng flame. (Compare Table 11.) The 
oolors of the beads frequently differ, acoocdiog to their temperature, and to the quantity of the dissoWod oside. (The foUowing abbreviatioDS are— b. Lot, e. cold, h. o. bot and cold, f. s. feebly 
Haturaled, s. s. strongly saturated.) 



coiok of the 
Beads. 


With Phosphorus Salt, 


With Boras. 


In the Oxidizing Flame. 


III the Reducing Flame* 


In the Oxidizing Flame. 


In the Reducing Flame. 


COLOKiBSs:— 


Silica gives skeleton of silica. Alumina, 
stannic oxide— yi. <s. all alkaline earths, 
and earths (s. s, not clear). Tantalic, 
niobic, tilanic, tungstie acids, zinctc, cad- 
mic, plumbic, bismuihous, antimonious 
oxides (t. s.); s. 8. yellowish. 


aVwa gises skeleton of silica. 4;«mfna. 
All alkaUne earths and earths (s. s. not 
clear), eerie, didymic, manganic, and 
stannic oxide. 


h. 0. Silica, alumina, stannic oxide, h. c. 
{3. B. not clear) ; all alhiUme earlht and 
eariha, argenlic oxide, ianfalie, niabie, and 
telluTOW acid.—t. a. Titanic, tungstic, and 
ntolyhdic add, eincic, eadmic, plambic, 


h. c. Silica, alumina, stannic oxide — 
b. 0. (s. s. not Clear) ; all alkaline earm 
and earths, lanthanic oxide, ceric oxide, 
tantalic acid.—h. c. Manganic oxide, 
didpnic oxide, h. Ouprk oxide. 


Teilow :— 
(to brown). 


h. (f 8.) Ferric oxide, eerie oxide.— h. 
Vanadie acid, uranie oxide, argentic OMde. 
^0. Nickclaus oxide. 


h. Ferric oxids [Jfellow to red), titanic 
acid. 


b. Faric oxide, urimie oxide (f. b.). h. 
Ymtadic acid. h. Flumbic, bismuihom. 


h. Tungstic add. (h. Titanic, vanadic, 
and molybdic acid yellow to brown.) 


Ebd:— 


h. (s. H.) JVris onde, eerie oxide, h. 
Ifickelou, oxide, chromic oxide. 


h. Ferric oxide, c. Titanie and tungstic 


h. Ceric, and ferric oxide, c. McMous 


C. Cfgiricoiide (opaque B.S.). 


Violet :— 
(Amethyst). 


h. 0. Manganic oxide, didymic oiide. 


c. Tilanic acid, niobic add (s. s.) 


h, c. Manganic, and didymic oxide. 




Bhib: — 


h. c. Cobaltoas oxide, o. Oupric oxide. 


h, e, Cobaltous oxide. 0. Tungstic acid, 
niobic acid (b. B.) 


h. c. Cobaltaiis oxide, o. Cupric oxide. 


h. c. Cohattms oxide. 


Green :— 


h. Cupric oxide, molybdic acid. .c. 
Chromic oxide, tiranic oxide, h. Ferric 
oxide containing cobalt or copper. 


0. Chromic oxide, urame oxide, vanadic 
acid, molybdic acid. 


0. Chromic oxide, i^anadic acid. h. Cup- 
ric oxide, ferric oxide, containing cobalt 
or copper. 


h. c. Ferric, uranic, and chromic oxide, 
a. Vanadic add. 


Gr*y:— 
(dull). 




c Argentic, ancii, cadmie, plumbic, 
hismuihoiii, and antimonious oxide, tel- 
luroiii actd, nickelous onde 




As with phosphorus salt. 
Also niobic acid (8. 8.). 


*> EpAuctloL eenetally lakes pi»oe moiB ea^ly wllh phosphorua sail. In cats of fetrio onida, iilanic, and tungaHc acta, lUe teanolloii l8 JiaatBoeil liy ihx addiUon ota very email tinaulitj- of tin lollia 
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V. Conversion of Insoluble Compounds into Soluble. 



If a finely pttlverized componnd, after being successively treated with mater 
or attaelted bj the ftcids in sacli a way as to afford deoisiTe ooneluaione as t 
confltituentB may be determined in the liuniiil tray. Tlie mode of fiusiog in mi 
WitJi great oare. If no dedsim indication for the treatment of tiie inaolnble con 
of mixed sodic and potaasic carbonates, and tbe fused mass trealei] nith val 
BubataneeB oootaining arsetik or any easiiy reducible metal (untiLnocy, tin, lead, 



eonseniralid cMorhi/dTi': acid, uilrsc add, and aqua regis, remainB undissolTed, or is 
re of the insoluble compound, then the latter must be made soluhle hy pacing, in order that its 
epends upon the result of the preliminary examiaation ; the latter should therefore be conducted 
ording to this table be given, tten it is always to be fused in form of fine powder with four parts 
i washed residue with ohlorhjdrio acid. Platinum orueiblea should never be employed for any 



With Bodic carbonate upon char- 
coal they give Ilepar. 

Baric and stronlie sulphates are de- 
composed by fusing with i parts of 
alkaline corbooate. After treatment 
ir and washing, tbe solution 
contains the acid, Ae residue the base 
(now soluble in chlorhjdrie acid). 
,mhic swJjjSo/e gives a metallic 
grain with sodic carbonate, is blaolt- 
encd by ammonic sulphide, and dis- 
c tartrate with es- 
GypsJim is some- 
what soluble in waler. 



f, Stannic Oxide, orAiiti- 
monic Acid. 



With sodio carbonate upon, chat- 
coal they give malleable or brittle 
metallic grains, and are colored by 
amnionic sulphide. 

By fusion with 3—4 parts alkaline 
carbonate they become soluble in 

ids. They arc also solable in ex- 

is of yellow ammonic sulphide. 

Moistened with chlorhyiiric acid 

contact with zinc, in a platinum 

capsule, they arc reduced to metals. 



b, Silicic Acid and Silicates. 



Give with phosphorus salt skeleton 
of silica. 

The solution of the decomposable 
silicates is effected by chlorhydrie 
acid ; of the un decomposable by fu- 
sion with 8—4 parts of alkaline car- 
bonate (or baric hydrate), treatment 
with eUorhydric aeid, and sepnrating 
tbe silioio aoid by evaporation with 
free chlorhydrie aeid. Or by means 
of fluohydric ncid. 

The substance must always be very 
finely powdered. 



g. Titanic, Tungstic, Tanta- 
lie, Niobic Acid. 



With phosphorus salt they give a 

blood-red bead, and with zinc and 
chlorhydrie acid a ooloration. 

The solution is efl'eoted by fusing 
with 6 parts of hydric potassic, or 
hydric sodic sulphate (or also of car- 
bonate), [See nolo to Table XIV,] 



c. Fluorides. 

( Fluorspar, eta ) 



With concentrated eulphutic aeid 
they give fiuohydrti- aeid ofls, which 
etches glass , in presence of silicic 
aoid, silicio flaondo, which gives a 
precipitate with water 

1 he solution i' efiected by fusing 
with 4 paits of alkaline carbonate 
{completely by addition of sihi,a) 
and boiling with water The sola 
tion oontiiufl the aeid, the washed 
residue the baie (now soluble in 
chlorhydiic acid) 



h. Chlorides {Argentic Ohio- 
ride, Bromide, Iodide). Sul- 
phides {Molyhdi 
etc.) 



Argentic chloride, bromide, and iodide 
give with sodic carbonate a silver 
granule. The decomposition is ef- 
fected hy means of linc and dilute 
sulphuric aoid, or by fusing with 
lime or alkaline carbonate, the metal 
being separated. Plumbic sulphide 
gives a metallic granule, and with 
nitric acid, plumbic sulphate. (See a) 
Xolybdie sulphide gives, with phoa- 
pLorua salt, yellowish-green beads, 
and ia changed by roasting into 
molybdie acid, becomiog blue with 
lino and chlorhydrie neiJ. 



d. Alumina or Aluininates. 



When ignited with solutio 
bait they give a blue, infusible mass. 

with 3 to 4 parts of hydric potassie, 
or hydric sodic sulphate (or also of 
carbonate), and treating ivith water, 
or chlorhydrie aoid. [See note. Table 
\1V.] 



i. Reguline metals. {Osmi- 

ridium, or residue of platinum 
ores. ) 

The insoluble mass ha: metallic 
lustre or is black, polverulent, and 
not changeable by ignition. 

The solution is efiected by igniting 
the powder, mixed with oommon salt, 
in chlorine gas, or by fusing with a 
mixture of potassie hydrate and 
potassie chlorate. 



e. Chromic C 

(Chromie Ito 



Gives with phosphoms salt and 
borax green beads in the enter 

The solution is ofi'ected by fusing 
with hydric potassie sulphate, or 
a mixture of potassie nitrate (or 
chlorate], and alkaline carbonale. 
Chromic iron, very finely pow- 

ment by both methods ; the mass 
resulting from the last fusion with 
alkaline carbonate (and the oxidiz- 
ing agent) contains the chromium 
as alkaline chromate, soluble in 
water. [See also note, TahleXIV.] 



. Carbon. 



The insoluble mass is black {: 
diamond, also colorless), and dis. 
appears when subjected to greal 
heat in an open platinum orucihle, 
or before the blowpipe. 
It deflagrates when fused with 
ate with the foi raatiop 
carbonate, and when 
ith cupric oxide(in case oi 
■yg«n): 



of potassi 

ignited 

graphit 



:s carbonic aeid. 
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yi. Deportment of Solutions of Metallic Oxides with CUorhydric Acid, Sulphydric Acid, Ammonic Sulphide 
(Ammonia), and Ammonic Carbonate, used successively. 



Ohloihydric Acid. 



Oxides wLioh art 
cipitnted from a neutral 
or acid Botatjanbj cMi 
hydric aeid, ae 

chlOTidss.^ 



Plnmbic oislde, 

whit*, crjstallizable ; 
soluble in much water, 
preoipitable by sulpbu- 

Argentic ozide, 
white, eurdy; soluble ii 



preoipitable by tiitriu 

MercnTona o:;ide, 
white, pulverulent ; ie 
blacltened by ammonia. 

[ThalliouB o^de], 
white, curdy ; more com- 
pletely precipitated by 
potassic iodide. 



Mal^Me aeta', 

tHither OBfdu golnUs 

bBlies (plufliMe oxide, aiv- 
mina, fn esoeH, eolnila ia 
nltrle aoiS) as wall ae nate" 
We eyanioea and fermeyi 



sulphur may also be tOrnn 
In solnbls polyBnlphides ai 
hjpoBulpIiUes. 



Sulpliydrio Acid. 



Oiirfe!whiohai 
partially rrfJuiM (2: 

Lcid a tlutioD 
whilst sulpki 
precipitated * 



IjTrff wbioh are precipitated by siiijiftyrfr! 
acid from their eolutions, acidulated b 
ohlorhjdnc or nitric aeid, as 
sTilphides. 



Ferric oxide, 

efluid is decolor 

lied, and contains 



mes eolorless, 
id contnius man 
ganous oxide. 

Chromic acid, 
the fluid beoomef 
greeu,andaontaiu^ 
chromic oiide. 



Oxidei which are precipitated fn 
>nic sulphide (in the presence of am 

the addition of the ammonic sulphid 



Antimonioui 1 

Antimoiiio f g 

a, J ° 

AreeuioTis i 

.id, tj'i 



Statuiic oside, jellow. 
Anrio oKide, 1 j, 
Platinic I ;3 s 

Iridic oxide, j S^" 
[Oxides of Molyhde- 



[Selenions s 



■idl, ' 



^ or iodic %cld]etc.,l 
generally by Ihel, 



19 decomposed b;r 
SaS, In smmonle snlphldi 



Morcurons 




Kiokelous 1 


oxide, 




oxide, 


Mem uric 




CobaltouB 


oxide,* 




oxide, 


Argentic 


3 ^ 


Ferroua 


OKide, 






Plumbic 




Fertio 


oxide,** 




oxide, 


Cuprio oxide, 




UranouB 


Oadmio oxide, jellow. 


oxide. 


Bismntlious oxide. 


Cranio 


broB-D. 




oxide, j 



[Oxides of pal- 
ladium], 
(Oxides of DS- 

[OsidoB of rho- 

[Hutheiilc 
oxide],*** 



inlpbyflrio aeid, by ai 
ixcess of tha arid, blaok 
"Oxidaoneadltonl] 
sotnplately pieolpltatei 
by eulphydrlD add oat o 

Tbe plaliunui me 



Ammonic Sulphide. 



n neutral Bolutions, by 

nonic chloride). 

rated with ammoaia before 



iDlplilda are wllh AIM- 

ibioihydrie aold, and Id 
leaUo aold: biekelansBul- 



Soluble In Potnes 

Alumina,*! ""'o^'^' 
IGlacLua], > 
Chromic oxide, gree 
[Tautalio aoidj,** 
[Hiobio acid]. 

*. IiiBoIublein Potii. 



[CerouB 
fLanthanic 



[Yttria], 
[Zirconia], 
[ThoriaJ, 
[Titanic aaid 



a. In preaence of 
Phosphoric Aeid. 
MagnOBia, orystal- 

A. In the presenoi 
f Phosphoric o: 
linlic Acid, 

Strontia, > white. 
Baryta, J 



Baryta. 



Ammonic Carbonate. 



Oxids3, which are nci 
precipilated by sutphi^dric acid, 
nor by ammanic sulphidn, i 
by ammonic carbonate, in 1 
presence of amnionic chloride. 



by Hydric-di- 
sodio Phos- 
phate (nnd Am- 

Magnesia, 
(orystalliiie.) 

'. Not preoipi- 
table by Sodic 
Phosphate. 



ILithia].* 
[CffiBia]. 
[Rubidial. 
Ammonia. 
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VII. Treatment of tlio Precipitate formed by Sulphydric Acid in Wai'm Acid Solution. 



A portion of the wosbed precipitate is digested with ammoiiio sulphide (with potasaio sulphide if copper tii 
acid is added, (If the aaiution be partial, the remaining portiau of the precipitate is Bubji>oted to the same trea 
dilute sulphurio acid be not isUie, millcy (of sulphur ulono), but fiocmlent, and more or less colored, it [or the oi 
accordiug to A. — The preoipltate iaeolublo in ammomo sulphide ia ezamiaed according to B. 



, if tbere be a veaidui 



original precipitate, if it is e 

A, The Portion soluble in Ammoiiic Sulphide. 



I, and to the liquid, dilute aulpburic 
inry.) If the precipitate formed by 
clj soluble in ammoaio aulphiije) ia ti'eated 



The ydloiii or orange-red prei 



m) ia gently warmed 



centrated aolutii 



[a.) Solution contains : 
Arsemom (a little slannk) mlphide. 
Add aome HjS solution, supersaturate with ohlorhydrio 
aeid, and nana ; dissolve the separated sulphide in fuming 
nitric acid, m in chlorbydrie Bcid and (a little) potasBic ohlo- 
rftte. When araenic is present, a precipitate is formed in the 
Bolution (after it has been supersaturated with ammonia, and 
filtered from any separated stannio oxide), by a miiture of 
magnesio sulphate, ammonic uhlorido, and ammonia. Truces 
of arsenio are detected by converting into AaHj in Marsh's 
apparatus (arsenio spots dienppear in eodic hypochlorite). 



Dissolve the i 



(*.) Resldtie contains: 

Anlmonioua mlphide, stannic sulphide. 
ilphide in ohlorhydrio acid and (a little) p 



with a 



a chlorate. 



1. Antimony, by bringing several drops in con 
zino on platinnm foil (antimony produces a deep bli 
tion of SbHj (antimony spots do not dissolve in sodio hypoohtcrile, and are 
blackened by ammonlo -nitrate of silver, after oiidatioa by dilute nitric 
acid cautiously evaporated}. 

2. Tin, by warming the solution with zinc, dissolving the precipitated 
black metallic powder, washed off of the undissolved zino, in warm ohlor- 
hydric acid, and adding mercuric chloride to the solution. (A while or gray 
proeipitate indicates tin.) 



1 or brownish-biack precipitate 
may contain : 



Oupne aulplade {traces 
Fialinic stilphide, 
Ifidmm sulpkidea. 
Auric ^^hide, 
TeUtiriiim eulpMdea, 
Molybdenum sulpkides, 
Ihmgatie sniphides. 
Vanadium sulphides. 



■ peoted, by the 
methods of the 
prelimiuary 



sulphWas 






B. The Portion insoluble in Ammonio Sulphide, 



The well-washed precipitate is treated by aid of heat, with concentrated nitric acid (free from chlorine). It is either fully dissolved, or there 
(before preolpitalion by sulphydric acid), was acidulated with chtorhydric acid, then this precipitate can contain no argentic sulphide, and no 
oside (though it might from iiierouric oxide) and a little plumbic sulphide. Osmium, rhodium, and ruthenium need only be considered in 



j a residue. If the original f 
ulphide of mercury arising fi 
lie investigation of platinum i 



Residue may consist of: 



Yellow or gray, fli 
culent, or balled i 
often incloaing raet 
lie sulphides. 



Mercuric sulphide. 

Black, flooculent.- 
The solution in aqu 
regia, Somewhat evi 
porated, is preoipita 
ed by 1 



Plumbic sulphate. 
White, pulverulent, 
soluble 



If sulphide of mercury is foiiud, the origianl fl 
nercuric and mercurous oxide. Chlorhydric add is o 



a tea ted for 
!o thefiuid. 



Frtdpitaie. 


Ftltraie. 


Mercurous chloride 


Mercuric chloride. 


Becomes black witli ammonia or 


Esoees of stannous chloride 


potasea. 


precipitates me tallio mercury j re- 




cognized by rubbing on clean cop- 




per. 



Solution may contain; Plumbic, argentic, biamuthous, cuprlc, cadmio, [and palladioua] o 
Dilute sulphuric acid is added to it. 



Plumbic sul- 
phate. 



Precipitate. 
Argentic cblo 

Solubleluara 



Chlorhydric acid is added to the Jiltrate :- 



supersaturated with ami 



Bismuthous oxidi 
Its solution in 
littla chlorhydr 
acid acquires 
whitish turbidity 
black 



The filtrate may contain .-- 



Cupric oxide. 
The blue aminoniacal 
solution is (after aoid- 
ulation), precipitated 
reddish-brown by po- 
tassic ferroeyanide. 



Cadmic oxide. 

The colorless am- 

moniacal solution is 

precipitated yellow 

by sulphydric acid. 



[Palladioua oxide,] 
The original (Ji-own) 
fluid ia precipitated 
black by pota 
iodide. 



JCOgnition of cadmic oxide in presence of oupric oxide, potassic cyanide ia added to the blue ammoniacal 
til the color vanishes; then only cadmium is precipitated by sulphydric aeid. Or the precipitated 
e heated to boiling with dilute sulphurio acid, in which ease only the cadmium ia dissolved. 
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TABT>K VIII. 



Vin. Treatment of the Precipitate formed by Amnionic Sulphide, or Ammonia, in presence of Ammonic Chloride. 



[POI 



1 different treatment oompaie Table XIT., and notee. C. P. H,] 
If nkkel is present the filtrate, from tlie ammonio sulphide precipitate, is browc. Afler being v.-atkf.d, the precipitate is treated upon tlie filter with warm dilute chlorhydrio aoid, the 
resuiliQg soiution is heated with (not too much) nitric acid or potassie chlorate, in order to remove the sulphjilric acid and to convert any ferrous salt that may be present into a 
ferric salt. If, upon disBolving the ammonie sulphide preoipitate in chlorhjdric a«id, a black residue remain (Co? or NiS), it is first to be tested before the blowpipe for cobalt, then 
dissolved in aqua regia, and the solution added to the chlorhydric aoid soludon. (If but one base is to be sought for, the original fluid may also be employed for testing according to this 
table. It serves also for determining, when iron is present, whether it appears as ferrous or ferric oxide.) 



The Solution ia strongly supersaturated with Oaustio Fotassa, the Precipitate, if one remain, gently digested, and filtered. 



I'he Fluid or Filtrate may ci 



ide, zineio oxide, alumina, aluminic phosphate, 

[Bludi..]. 
le (green] potassa solution for some time. 



PredpitaU: 


Filtrate may contain:— 


Chromic oiide. 


Zineic oside, 


(Also glncina and lincis 
oiide.) 


Alumina, 
Aluminic pbosphata,* 


Test by the blowpipe. 


[Gluoina]. 



Separate the filtrate int 



portions and add: — 

To the other (after super- 
saturating with chlorhydt 

carbonate. 



lutnina, aluminic phosphate, 
[glncina]. 
( Test by the blowpipi 
lucina is soluble 



ZnOCt.Os Ineolnble in poliiBBB. Chcomic' 
ce9sivel7 pieclpllated a.ccr)Tdlog lo (heir ta 



ohromio oxide, a part ot Ihe joagneBia is alvrsja 


preelpitaleil 






















>r of the bei 






ftctly affonlsd bj fusion with polaBslo carbonate ai 





















The Precipitate may ci 



Cohaltous, niokelouB, manganous, ferric, and i 
calcic fluoHde ; [all rare earths insoluble in ] 
' 1 oiide with ferric oiide.*.) 

Dissolve the washed precipitate i 



Oobaltoua, nickelous, and manganous i 



Preoipitate tJie fluid, slightly acidulated with ai 
with sulphydiic aoid, by aid of heal. 



Cobaltous sulphide. 
Nickel CUB sulphide, 
{Zineic sulphide). 
Test for cobalt by the blow- 

for nickel by mixing the liquid, 
heated with exoess of poti 
cyanide, with sodic carbonate 
yd hypochlorite.^ 



Mangauou 



,«). 



Evaporate to dryness, and 
St the residue by fusing with 
aodic carbonate and 
platinum foil. A bluish-green 
mass indicates maQganese. 
Or teat the oHginal substance 
with plumbic peroxide and 
nitric acid. 



<-t 



Residue may eoitfain ; — 
oxide ; baric, strontic, calcic, 
and magnesic phosphate ; calcic oxalate, 
,nd fluoride). 

Dissolve in a little ohlorhydrie acid, and 
soludon 



for:- 



ain, by boiling tha alf^htly ruHa Holutioo. after iSding aoctic Bcelate 



ciilenl, deep black pcecipltale formB, 



s, from the slightly ai 



ihoephatc ; calcic oxalate ; calcic fluoride ; [all rare earths;] 
ulao alumina, chromic and manganic osido). 
Digest the precipitate with concentrated solution of i 



b. Baryta and stron 

gypsum). 
0. Lime (with potaa 

d. Magnesia (add si 



Uranic oxide,* 
Cerous oxide, 
Lanthanic oxide, 
Didyniic oxide, 
Yttria, 
Thoria, 



,te, then fer- 
ric chloride until reddish color is pro- 
duced, heat to boiling, precipitate the 
filtrate with ammonic carbonate, and 
test with sodic phosphate. 
"hosphoric acid (add, urkUst cold, sodic 
acetate, then a drop of ferric chloride ; 
or with ammonic molybdate). 

/. Oxalic acid (calcic oxalate is precipi 
tated white by sodic aoetate ; (he pre 
cipitate is insoluble in acetic acid, 
aud is changed by ignition into calcic 
carbonate).* 

ff. Fluorine (with the original substance,) 






orhydric add sf 
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IX. A^■l. X. 



IX. Precipitate by Amnionic Carbonate in presence of Ammonic Obloride and Free Ammonia. 

Baric, Strontic, Calcic Carbonate, or a tniwture of ibBm. 

a little chiorhjdric Mid [or in acetic acid if the Secoad Method below is to be used], and ths aolution divideil icto thrsi 
Ibo be eiiiplojed for this purpose. 



I. Portion. 


II, Portion, 


ni. Portion. 


[Second Method, c f. h.] 


Eemarks. 


Add 
calde sulphate. 


Precipitate with esoeas 
of dilute sulphuric acid,* 


a. Whan laryta in present — Eva- 
porate to drjneas, digeat the residue 
with alcohol, and ignite the JiUrale. 
Onnuonfiame!— 


Diesolvetbe precipitate by ammonic carbonate 
in dilute aeeik odd, and add to Ihe solution 

Pi-eapiiate (yellow). Baryta. 
Supersaturate the filtrate with ommonia, and 
add ammonic carbonate, wash the precipitate 
(strontia and lime), dissolve in a little aeeik 
acid, and to a porHon of the solution add, no( 
too little, calcic sulphate.* 

TuTbidiiy aft^ tome lime. Strontia. 

the filtrate (or acetic acid solution, if stronti.^ 

oxatale. 
Ptecipitale (insoluble in aaetie add). Lime. 


If no metallic oside preoipitable by sutphydris 
acid or ammonic sulphide be present, the original 
solution may also be used for these tests (es- 
cept of Portion III. a), magnesia or alkalies not 
interfering with the result. 

Baryta is also recognized with certainty in 
presence of strontia and lime, bj n solution of 
strontic sulphate, which causes a white precipi- 
tate, appearing only after a time with traces of 
baryta. Separation of barjtji from strontia is 

jf alcohol, in which baric silicofluoriJe is quite 
insoluble. The alkaline earths may also be 
leteoted by the spectroscope. 

II 




with ammonia, aud ad( 


Baryta. 
Turbidity niter some time 


oxalate. 

Preoipiiate insoluble in 
acetic acid. 


Strontia. 

b. Wlien baryiti is absent.— Stvooiif, 
is also recognised with certainty, since 
the BoiutioH in chlorhydrio acid, by 
addition of solution of strontio buI- 
pbate, does not become turbid, even 
after a long time, whilst with oaloic 


Strontia. 
Fluid remniiis elenr : 


Lime. 


Lime. 


* la the ataenoa of baryta 




..r^^^M*, Mn'nn HiV'l'" '"'" " s"! "«»ii »' polassic Sulphate (1 part by weight to 200 hy roeasuie of witBr). T'^idily a/te^- some time, StrovHa. 



X. Fluid which is Precipitated neither bj Sulphydric Acid, Ammonic Sulphide, nor Ammonic Carbonate. 

It may contain ; — Magnesia, Folasfa, Soda, Lilliia, Ruhidia, Ceesia, Ammonia, or a mixture of these bases. 

Evaporate a porlJon (not too small) of the iiuid upon platiuum foil; if after ignition there is no residuum, neither magnesia nor alkalies need be considered, but ammonia sboul 



Test for Ammonia. 



Warm the original substance or its 
solution (not the Suid, S.) with calcic 
hydrate. 

The presence of 

Ammonia 
is recognized by the odor, as well as 
by the white cloud which arises when 
a glass rod moistened with chlor- 
bydric acid is brought near. 

Slight traces may be detected by 
condensing tbe vapor, deveioped by 
calcic hydrate, in a test-tube, and 
adding to it an alkaline soludon ot 
meroaric iodide in potassio iodide; 
producing a brownish-red 



ttorl 



Add sodic phosphate (and free 
nia if not already present) toaporWon 
of the fluid X. {or to the original so- 
Intioa if it contain no metallio oxides 
or alkaline earths). 

The presence of ma^esia 
fested by a crystalline precipitate, 
which forms slowly when only traces 
of magnesia are present. (If the 
>eparation of the alkaline earths by 
immonia and amnionio carbonate did 
lot take place at a boiling heat, sodic 
phosphate will always give a small, 
Socculent precipitate of a phosphate 
" -- alkaline earth,) 



Test for Fotassa, Soda, Lithia, Enbidia, and C 



. When magnesia is absent. Evaporate flnid X. (to which no sodic phosphate has been added) to dryness, 
_ te gently (to remove the ammonic salts), test the residue before the blowpipe upon platinum wire, or by 
overflowing with alcohol and igniting. A. violet fiame indieales presence otpolassa [mbidia and osesia] alone, 
a crimson ot lithia, a yeSovi of soda, or a miitare of soda with potassa or litbia.* In the latter case, test the 
residue for potassa [mbidia and oiesia], by tartaric aoid, or piatinio chloride and alcohol in not too dilute 
solution ; for lithia, by boiling with sodic carbonate 'and phosphate, whereby a salt forms, soluble with diS- 
oulty; or by a mixture of anhydrous ether and alcohol, in which lithio chloride dissolves, recognizable by 






b. When magned 



Evaporate to dryne 



Remove the. excess of baryta or lime by 
aid), and evaporate the filtrate to drynei 
ly the spectroscope. 



the residue gently, to rem 
nilk of lime to alkaline reaction, boil, and filter. 
10 oarboHate (or of baryta by dilnte sulphnrio 
a residue, proceed witb It as in a. Or test for alkalies 



fiM giBBBbatlls Willi paral 
[robldla and csela] ; the lu 



d, and dlallngulib. 
e plalimc chlocid 
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XI. Eehavior of the more important Acids, or of the Halogens, upon Heating their Compounds with 
Concentrated Sulphuric Acid. 



A qudiiiitj of llie dry compound, aboat as muob na will lio u- 
it, ILen heated, but not to tie boiling point of Bulpburio aoiii, W 
Of gas may be observed, from the properties of ivhioh, in most or 



of a Email knife, is placed in a test-tnbe and 3 -4 tii 
B adds, or tliose whioh suffer decomposition by snl 
re of the acid or of the halogen may be inferred.* 



Ifoii-Tolatile Acids. 



'impound dues not blacken b^ 
ignilion. 



Sllloio Acid, veoagnizablo by 
means of pliospliorus salt before 
the blowpipe. 

Boractc Aoid, after e 
Bulphuiio acid, it colors the alcohol 

Phoaphorio Acid, preoipitabli 
in nentrul solntion by miigneaie aul 
phatc, ammodie cbloride, and am- 
monia; in acid solution by ferric 
chloride and so die acetate. 

Arsenic Acid, like the preced- 
ing, hut the compound gises with 
Hodic carbonate upon charcoal 
araenioal odor. 

Sulphuric Acid, the oonipound 
gives hepar when heated -with 
carbonate upon charcoal. 

Selenic Acid, lilte the pi 

ing. The baryta salt is decomposed 
by boiling with conoeotrated chlor 
hjdric acid. 

Tungstio Acid, recognisable by 
the blowpipe; heoomes blue with 
zinc and chlarhydric uoid. 

Molybdlc Acid, reoognizable 
bj the blowpipe; becomes first blue, 
then brown with ainc and chlor- 
liydric acid. 

Titanio Acid, recognizable by 
(he blowpipe; becomes violet with 
zinc and chlorhydric acid. 

Iodic Acid, The violet i 
of iodine form on addition of ft 
sulphate. The compound deilagratef 






arcoal. 



Acids Volatile, or Decomposable -with Evolution of Volatile Products. 



T/ie coinpnund dues not blacken by 
igmtioii. 



lodohydrio Acid, the ^ 
apor colors starch blue. 

Bromhydric Acid, the brown 
apor colors starch fiery yellow. 

Bromic Acid. Like the pre- 
iding ; the suit deflagrates upon 

Chloric Acid, the greenish-yel- 
iw gas readily explodes ; the com- 
pound deflagrates upon charcoal. 

HypoohlorouB Acid, yellow- 
sh-green chlorine gas, like the pre- 
oeding discoloring solntioQ of indigo, 

nitrous Add, red fumes; even 
'ith dilute sulphuric or nitric acid. 

Nitric Acid, nearly colorless 
cid fumes, which are rr.d if chlorine 
be present; deeper red if ferroas 
sulphate or organic substances be 
added. 



The eompound doa not blacken by 



Carbonic Acid, odorless, i 



Snlpliydric Acid, recoKcizfthle 
y its odor; colors lead-paper 

Chlorhydric Acid, fumes copi- 
usly, and preoipitaces a solution of 
liver on a glass rod curdy ; this 



Hltric Acid, nearly colorless 
fumes, which beconiB red upon addi- 
tion of ferrous sulphate or copper 
filings. 

Flnohydric Acid, copiously 
fuming corrosive gas. A glass sup. 
face coated with mas and traced is 
rendered dim in the traced places by 
the gas. Fluorides develop in a 
glass tube with snlphuric aeid, in 
addition to HF, also silioie fluoride 
gas, which givea a precipitate of 
silica on a glass rod moistened witb 
water. SiliSofluoiides behave simi- 
lariyj they also eiroive silicic flno- 
rida in a platinum crucible with sul- 



The compound is decompoied by ignUioi 



Mostly without separalion of carbon. 

Ozalic Acid, develops carbonic 
nold "lid carbonic oxide: the lime 
salt is insoluble in acetic acid. 



Cyanhydrlo Aold, like the ore 

hydric acid cyanbydric aeid. 

Ferrocyanhydric Acid, like 
the preceding; tlie soluble compound 
is precipitated blue by/sfi-ie salts. 

rerricyanhydric Acid, like the 
preceding ; the soluble compound is 
precipitated blue hy ferrous salts. 
Chromic Aoid, evoives oxygen, 

green. Gives a green bead with 
phosphonis salt. 
HyposnlphuroTiB Acid. "1 
Trithlonic " \ ^ 

Tetrathionlc " | 

Pentathioiiic " J 

* These aeids, of whicli only the iiypo- 
snlpliuronB (trioBulphnrio) Is gf (rejoenl 
oopon'eiice, evolve wllh enlplinrio acid. 



paged by wncei 



volaiilf per si 
.led sol pb uric 



Kacemlc Acid ; the lime salt 
! insoluble in ammgnio chloride. 

Citric Acid ; gives a precipitate 
'ilh excess of lime-water only o 



Malic Add, is 

1 lime-water, cith 
Lactic Acid, I 



ot precipitated 
■ cold or warm. 



readily 
in eiuer. lue ume sail is easily, 
the zinc difti cult ty, soluble in water. 
Tannlo Acid, gives a white, 
viscous precipitate, with gelatine a 
blue black with ferric salts. 

Gallic Acid, not precipitable by 
gelatiije ; ferric salts produci 
binok precipitate. 

Uric Aold, gives a red color 
with ammonia, after evaporation 
with nitric aoid. 

b. Acids volatile per se. 

The compouud iloes not blacken, or but 

slightly, with Bulplnrlii aula. 

Acetic Acid, gives, with snl- 

phurio acid and alcohol, acetic ether. 



f Their 



iotral 



salts are preoi- 

oenzoic Acia, : pji^tg^, ^ Yig-nt 

Succinic " | brown by ferric 

L chloride. 
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XII. Behavior of the more important Acids towards Precipitaiits. 

A. Detection of Acids in soluble ccmpomds.—ihe aqueoua Holulion is jieulral, add, or alkaline, to be dotermined by teat paper. If the ncid is to he souglit in an amtnoniaeal solution or 
one as neutral as poaaible, it is often neoeasory tfl temovfl the heavy metallic oiidea or the earths preaant (aceording to Table VI.), by uhlch means metallic adds are foand as wall as 
phoepkanc or oxaUe aeid combined mitb alkaline earths. The quality of the base of(«n eiclndea the presenoe of one or more acids, thus rendering search for them unnecessary ;' cenerally 
anaoid oannotbe present in a neutral m aeid eolation wMoh already oontains the same metallic oxide that must serve as precipitant for this aeid; e. ff., do mlphuric omrf, detected by baryta 
"e present in a aoluble baryta ootnpound; no chlorine in a silver compounii, soluble in acids, etc. (For eioeplions in alkaline solutions, see Table XII. below.) It ia evident that in 

r solution or neutralization) need not be sought ; in all compounda where the reagent oan act na preoipitant through its add for haloffeu) the 

lend, or of mercurous oxide, baric nitrate ia used (instead of baric chloride). [See cmtinualion, Table XIII.) 



Are Freoipitated by Ohlor- 
hydric or Kitrio Acid ! 



From ihsk soluble compounds ^ 
rally ehowirtg aJKalme reaUto: 



Slliolc Aold gelatinous i 
lute Bolnlion only after evaporating 
the acid fluid ; aho preoipitnble bj 
amnionic carbonate or chloiide 

Boracic Aoid crystalline only 
from conoentraifli aolotiona Loloi-a 
the alcohol flume green upon addi 
tion of sulphuiic acil 

Antimonic Acid, white, soluble 

Tnugstlc Acid, white, by boil 
ing, yellow; with zinc and chlor 
hydrlc aoid, blue. 

Molybdio Acid, white, solubl 
in excens, with shio and ohlorbydri 
acid blue, finally ^owu. 

StUpllur, yellowish ov white; with 
the evolution of SO, from byposul 
phites, and H.8 from metallic poly 
sulphides. 

Iodine, out of a solution of an 

Also several oxides and salplddes 
soluble in potassa, and cyanides or 
chlorides soluble in potassio cyanide. 
If the alkaline Said be satarated with 
Bulpbydric acid, all the acids of ike 
metalsvhieh form sniphides insoluble 
in acids, are precipitated, after 
aoidulation, aa snlphidea. 

Of Ibe organic acids, bensoie, uric, 
and tartaric acid (the latter as acid 
poiassa salt) may be precipitated by 
acids from alkaline solution. 



Are Precipitated by Baric 
Chloride 

(or Baric Nitrate) : 



From the solution previously acidulated 
with chlorhi/dric or nilric add. 



Sulphuric Acid, white, pulvera 
lent; quite insoluble in water and ii 
lids. {Iq the presence of too muol 
id concentrated free acid barii 
chloride or baric nitrate is precipi 
tat«d ; soluble in much water.) Tht 
original compound gives hepar with 

A d 



Silico Quo hydrlc Aoid, like the 
preceding, not out of very dilute ao- 
utloQ. The original compound gives 
upon hentiog silicic flaoride and a 
metallic Bnoride, with alkalies silica 
and a fl no ride- 



Are Precipitated by Calcic Chloride : 



Only flora netilral solution. 
The precipitate is aoluble in acei 






Phosphoric Acid, white, when 
fleshly precipitated soluble in ace 
iid without effervescence. 
Arsenic Acid, like phosphori 
also easily soluble in ammouic chl 
The solution in clilorhydi 
noid is precipilable by sulphydi 
lid with the aid of heat. 
Boiaclc Aoid, white, easily e 
table in ammoaic chloride ; not pi 
cipitjited from dilate solution. Tu 
neric paper dipped in o solution in 
shlorhydric acid becomes brov 
drying. 

Carbonic Acid, white, solubto 
n acids with effervescence. 
Sulphurous Aoid, white, only 

line and chlorhydric acid, evolves 
inlphydric acid. 

Tartaric Aoid, white, soluble in 
immonic obloride and caustic po- 
tassa: the putassa solution of the 
precipitate becomes turbid by boil- 



^oni neutral and from acetic solution 
Precipitate is insoluble in acetic 






Oicalic Acid, white; insoluble 
chloride; the precipi- 
us with calcic sulphato 
solution ; the original compound 
volves with concentrated sulphnrio 
cid GO and COj without blackening. 
Raoemlc Acid, white, insoluble 
1 auinionio chloride. Also formed 
ith solution of calcic sulphate. 

Fluobydrio Acid, gelatinous ; 
the precipitate evolves, with concen- 
trated sulphuiic acid, fluohydric 
acid, which etches glass. 

lUlphurlc Acid, white ; not 
from ililule solutions; completely 
upon addition of alcohol. 



Separation of Oxalic, Tartaric, Oil t 



Calcic chloride and llrae-water are adde I to the alkal n 



Are Precipitated by Mag- 
nesic Sulphate 

(or MagnesicCbloiide): 



Phosphoric Acid, white, orys- 
.alline ; slowly if the solution be very 
lilute, soluble in all acids. 
Arsenic Acid, like the preceding. 
The add solution of the precipitate 
precipitated by eulphydrio acid 
by the aid of heat. 

Tartaric Acid wh e Tlejre 
;ipitate forn i "I w v a i only n 
concentrated solut n t blackens 
m ign t 



Treated w th c 
Re d e 



■eeipitable, 
evaporation, 

iloohol (and 
to be further 



Calc B Tart ate 
By bo ling the 
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